Introduction
Micronutrient de®ciencies are prevalent in developing countries worldwide (Ramalingaswami, 1992) and can affect mental development and learning ability of school children (Pollitt, 1993; Soemantri et al, 1985; Bautista et al, 1982) . While vitamin A de®ciency may not affect learning directly, it may do so indirectly via its impact on resistance to infections (Sommer, 1990 ), which in turn may have an effect on school attendance and consequently performance, and also via its effect on iron metabolism; it has been shown that response to iron forti®cation is limited in children with marginal vitamin A status (Van Stuijvenberg et al, 1997) and that supplementation with iron is more effective when vitamin A is given in conjunction with iron (Mejõ Âa & Chew, 1988) . In South Africa, according to a *Correspondence: ME van Stuijvenberg, Nutritional Intervention Research Unit, Medical Research Council, PO Box 19070, Tygerberg 7505, South Africa. E-mail: lvstuijv@mrc.ac.za Guarantor: ME van Stuijvenberg. Contributors: MEvS was involved in the design of the study, and was responsible for the co-ordination of the project, the analysis and interpretation of the results, and the preparation of the manuscript; MAD was responsible for the overall medical supervision of the study and involved in data collection and interpretation; CJL was involved in the design of the study and in the statistical interpretation of the results; MF was involved in the training and supervision of the nutrition monitors and in the statistical analysis and interpretation of the data; AJSB was responsible for the initial concept and design of the study and also for the necessary negotiations and guidance. All authors contributed to the preparation of the ®nal version of the paper.national survey of the South African Vitamin A Consultative Group (1996) , 33% of children under 6 y suffer from subclinical vitamin A de®ciency; the prevalence being higher in rural areas.
A recent randomised controlled trial has shown a micronutrient forti®ed biscuit to be a feasible, practical and effective way of improving micronutrient status of primary school children from a poor rural community (Van Stuijvenberg et al, 1999) . In this biscuit synthetic b-carotene was used as a vitamin A forti®cant and a hydrogenated oil, normally used in the baking industry, as baking fat. This hydrogenated fat contains trans fatty acids and because of the negative effects of the latter on plasma lipids and lipoproteins (Judd et al, 1994; Khosla & Hayes, 1996) , its use in school feeding schemes in the long term may not be desirable.
Red palm oil has a moderate level of saturation (Cottrell, 1991) and therefore does not require hydrogenation for use as a fat component in foods; as such it is free of trans fatty acids. Red palm oil is also a rich natural source of carotenoids (500 ± 700 ppm), of which approximately 50% comprises b-carotene (Cottrell, 1991) . Studies in India have reported improved vitamin A status in vitamin A de®cient children (7 ± 9 y), who were given red palm oil in the form of a sweet snack (Mahapatra & Manorama, 1997; Manorama et al, 1997) . In addition, red palm oil contains large amounts of tocopherols and tocotrienols (AE 1000 ppm) which have powerful antioxidant properties (Cottrell, 1991) . By substituting the commercial shortening in the biscuit with a baking fat derived from red palm oil, the biscuit will not only be free of trans fatty acids, but there will also be no need to add synthetic b-carotene and a synthetic antioxidant to the biscuit; concomitantly, quality control with regard to the forti®cation process will be simpli®ed. The feasibility of incorporating red palm oil into a biscuit given to school children as a snack during the school day has been demonstrated in a pilot study by our group (Van Stuijvenberg et al, 2000) . Unfortunately, due to the confounding effect of a school feeding scheme, introduced by the school's governing body during the latter half of the study, the effect of this biscuit on vitamin A status could not be assessed. The objective of the present study was to determine the effect of a biscuit with red palm oil as a source of b-carotene on the vitamin A status of primary school children and to compare this with the effect of a biscuit with b-carotene from a synthetic source in a randomised controlled trial.
Methods

Study population and design
The study population consisted of all 5 to 11-y-old children (n 437) attending the Ndunakazi and Intongela Primary Schools. These two schools are situated in a rural mountainous area AE 60 km northwest of Durban, KwaZuluNatal, South Africa, and serve communities characterised by low socio-economic status. The study was approved by the Ethics Committee of the Medical Research Council and permission was obtained from the Department of Education, the headmasters of the two respective schools, and local community leaders. Informed consent was obtained from the parents or guardians of all participants.
The study population was strati®ed by school and by school grade and the children in each grade were then randomly assigned to one of three groups, using random tables. These groups were then randomly assigned to three different treatment categories: (i) a control group receiving a biscuit containing no added b-carotene (n 146); (ii) a group receiving a biscuit with synthetic b-carotene (Roche Products (Pty) Ltd) as vitamin A forti®cant (n l46); and (iii) a group receiving a biscuit with a re®ned red palm oil shortening (containing 475 ppm of carotenoids; Global Palm Products SDN BHD, Johor Darul Takzim, Malaysia) as a source of b-carotene (n l45). The synthetic b-carotene and red palm oil biscuits were designed to provide a similar amount of bcarotene; analysis of the biscuits distributed in the ®eld showed the b-carotene content of the two types of biscuits to be 1.17 and 1.23 mg per 45 g serving, respectively. This amounted to AE 30% of the RDA for 7 to l0-y-old children, assuming a conversion factor of 6:1 (National Research Council, 1989) . The biscuits of all three groups were similar in macronutrient composition (32.1 g carbohydrate, 3.6 g protein, 7.2 g fat, 1.0 g ®bre and 844 kJ per 45 g biscuit), iron content (5 mg in the form of ferrous fumarate per 45 g biscuit; 50% of the RDA) and in taste and appearance.
The biscuits were distributed daily during the school week, during the ®rst 2 h of the school day by nutrition monitors (local people trained speci®cally for the project); each child received three biscuits weighing 15 g each. No intervention took place during school holidays, weekends or public holidays; the biscuits were provided for a total of 59 school days (the equivalent of 12 weeks). Children were assessed at baseline and after 3 months of intervention. Only the project leader was aware of group allocation (single-blind study). One-hundred and thirty children in the synthetic b-carotene group, 133 in the red palm oil group and 137 in the control group completed the study (dropout rates in the three groups thus were 11%, 8% and 6% respectively); leaving the area was the main reason for dropping out of the study. To eliminate any likelihood of parasitic infestation affecting b-carotene absorption, all children were dewormed (400 mg albendazole) prior to the intervention, after the ®rst blood sampling.
Compliance, as well as the reasons for absence from school, was closely monitored and recorded daily by the nutrition monitors on record sheets. To avoid exchange of biscuits with classmates, the three groups were physically separated by being moved to opposite corners of the classroom. Distribution and consumption of the biscuits took place under close supervision; children were not Red palm oil as b-carotene source ME van Stuijvenberg et al allowed to leave the classroom or return to their original seats before they had ®nished eating their biscuits. Information on the acceptability of the biscuit was obtained by means of a short questionnaire administered at the 3 month assessment.
Measurements
Laboratory. Blood (5 ml) was obtained by venipuncture; care was taken to protect the blood samples from direct sunlight. A full blood count was performed on the same day by means of an automated cell counter (STKS; Coulter Electronics, Hialeah, Florida, USA). The rest of the blood was processed and serum stored at 780 C; samples were analysed within one month. Serum retinol was determined (under dimmed light) by a reversed-phase HPLC method, based on that described by Catignani and Bieri (1983) . C-reactive protein (CRP) in serum was measured as an indicator of infection by particle-enhanced nephelometry (Behringwerke AG, Marburg, Germany).
Anthropometry. Anthropometric measurements were taken at the baseline assessment. Weight was measured (in light clothing) to the nearest 0.05 kg on an electronic load cell scale, and height (without shoes) to the nearest 0.1 cm using a wooden board with a ®tted measuring tape and a movable head board. Height-for-age and weight-for-age were expressed as Z-scores, using the National Center for Health Statistics (NCHS) median as reference (Hamill et al, 1979) . The birth date of each child was obtained from the school register.
Statistical analysis
Data was analysed on an intention-to-treat basis. The paired t-test was used to compare pre-and post-intervention values within each treatment group. Changes from baseline to the end of the 3 month study period in the two intervention groups were compared with that in the control group using analysis of variance. To estimate treatment effects and the contrast between the two active treatments an analysis of variance was done on the vitamin A measurement after the intervention period; the factors representing the study design, ie school (two levels) and grade (1 ± 6), were accounted for, and the baseline measurement for vitamin A was used as a covariate to adjust for starting nutritional level. Equivalence in effect between the two intervention groups was determined by using the estimated contrast between the treatment effects of the two groups, together with a 90% con®dence interval; to conclude equivalence this con®dence interval should fall within the pre-speci®ed equivalence limits of 72 ± 2 mgadl. Spearman correlation coef®cients were used to test for the association of serum retinol with CRP levels and with white blood cell counts; differences in proportions were determined using the chi-square test. A signi®cance level of 0.05 was used.
Results
Baseline characteristics of the control, synthetic b-carotene and red palm oil groups are shown in Table 1 . One tenth of children were stunted and very few (3 ± 6%) were underweight (`72 s.d. of the NCHS reference median for heightfor-age and weight-for-age, respectively). Serum retinol concentrations`20 mgadl were present in more than 50% of the children, a level regarded as a severe public health problem according to WHO criteria (WHO, 1996) .
Mean serum retinol concentrations before and after intervention for the three respective groups are shown in Table 2 . There was a signi®cant improvement compared to the control group in both the synthetic b-carotene and the red palm oil groups. Children with inadequate vitamin A status showed the greatest response, while the children with serum retinol b 25 mgadl showed very little or no response (data not shown). The estimated treatment effect for the synthetic b-carotene biscuit was 2.88 mgadl (95% CI 1.75 ± 4.00) and that of the red palm oil biscuit 2.26 mgadl (95% CI 1.14 ± 3.37). The estimated difference in treatment effect c a between the two active treatments was 0.62 mgadl with a 90% CI 70.33 ± 1.57; since this con®dence interval falls within the pre-speci®ed equivalence limits of 72 ± 2 mgadl, it can be concluded that the effects of the two treatments were equivalent. Figure 1 shows the prevalence of low serum retinol levels before and after 3 months of intervention. The percentage of children with serum retinol levels below 15 mgadl dropped from 17.5% to 13.1% in the control group, from 17.7% to 4.6% in the synthetic b-carotene group, and from 15.8% to 6.8% in the red palm oil group (we used`15 mgadl as a cut-off value, instead of the normal cut-off of`20 mgadl, because the majority of the values for this population lay around 20 mgadl and, as such, this cut-off value was not sensitive enough for illustrating differences in prevalence changes between the control and intervention groups).
Mean compliance, ie the number of days a child received the biscuit, expressed as a percentage of the total number of potential biscuit days, was 89.1%, 86.9%, and 88.2% in the control, synthetic b-carotene and red palm oil groups, respectively; absence from school was the main reason for non-compliance. The taste of the biscuits was acceptable to almost all of the children (98.5%), and 51.5% of the children indicated that they would like to receive more than three biscuits per day.
Serum retinol showed a signi®cant negative correlation with CRP levels (r 7 0.283; P`0.0001) and to a lesser extent with white blood cell counts (r 70.133; P 0.008); 15% of the children with serum retinol concentrations`20 mgadl had elevated CRP concentrations (b5 mgal), compared to the 4.3% in those with serum retinol concentrations ! 20 mgadl (P`0.001). There was no signi®cant difference in mean CRP concentrations or in mean white cell counts between any of the three groups at either the baseline or the follow-up assessments.
The production costs (March 1999) for the red palm oil biscuit, as shown in Table 3 , were 27.68 SA Rand (US $4.61) per child per school year and slightly lower than that (30.24 SA Rand) for the biscuit in which synthetic b-carotene was used as a vitamin A forti®cant.
Discussion
This study has demonstrated that red palm oil, in the form of a baking fat containing AE 475 ppm of carotenoids, can be successfully incorporated into a biscuit given to primary school children as a snack during the school day. This biscuit was as effective as a biscuit with synthetic b-carotene as a vitamin A forti®cant in improving the vitamin A status of these children; serum retinol improved signi®cantly in both the synthetic and red palm oil groups compared to a control group, with the treatment effect being equivalent in these two groups. The biscuit was also well accepted by the school children with regard to its taste and appearance.
Red palm oil is an excellent alternative for use as a vitamin A forti®cant in food products. Not only is red palm oil a very rich natural source of b-carotene, it also contains a range of other carotenoids. These carotenoids possess, in addition to their pro-vitamin A activity, signi®cant antioxidant properties and have been implicated in the prevention of carcinogenesis (Murakoshi et al, 1992) . In addition red palm oil is a rich source of tocopherols and tocotrienols, which being powerful antioxidants protect the oil against oxidative deterioration; the shelf life of products in which red palm oil is used is therefore prolonged without having to add a synthetic antioxidant. Palm tocotrienols have been reported to have a serum cholesterol lowering effect (Qureshi et al, 1995) and may also play a role in suppressing certain types of cancer, particularly breast cancer (Nesaretnam et al, 1998) .
A major advantage of using red palm oil in baked products is that it contains no trans fatty acids, unlike the commercial shortening normally used by the baking industry. Trans fatty acids have been shown to have cholesterolraising properties (Judd et al, 1994) and have also been implicated in growth retardation (Koletzko, 1992) . Another advantage of using red palm oil as a vitamin A forti®cant is that it ensures that the correct amount of b-carotene is added to the baking mixture and that the b-carotene is evenly distributed throughout the mixture; possible errors with regard to the forti®cation process are thus eliminated and quality control improved. Figure 1 The prevalence of low serum retinol levels (using`15 mgadl as a cut-off) before and after 3 months of intervention. Red palm oil as b-carotene source ME van Stuijvenberg et al
The changes in serum retinol observed in this study were smaller compared to the response obtained in a previous study in which synthetic b-carotene was used as a vitamin A forti®cant (Van Stuijvenberg et al, 1999) . This may be attributed to a shorter study duration (3 months vs 12 months), and to the fact that the biscuits supplied only 30% of the RDA for vitamin A, as opposed to the 50% supplied by the biscuit in the previous study. Due to logistical constraints it was not possible for the present study to be extended beyond 3 months, and with regard to the forti®cation level we were limited by the amount of b-carotene supplied by the red palm oil shortening. However, the aim of the present study was not to demonstrate an effect similar to that in the previous study, but to show that the effect of red palm oil in a biscuit is comparable to the effect of a biscuit with synthetic b-carotene as a vitamin A forti®cant. This, in fact, we did show.
A slight, but statistically signi®cant, increase in serum retinol also occurred in the control group. This may be attributed to the so-called`placebo effect', an effect often observed in randomised controlled trials (Kaptchuk, 1998) . This may be due to seasonal variation in the availability of b-carotene rich foods. However, it is also possible that mere participation in the research project might have created an awareness in the community, that may have led to an increased intake of vitamin A or b-carotene rich foods, or simply to an overall improvement in health practices, which in turn will have led to improved nutritional status. Deworming can also affect vitamin A status; Jalal et al (1998) reported improved vitamin A status in children with a high initial load of Ascaris lumbricoides infestation receiving anthelmintic treatment. Anthelmintic treatment was administered to all three groups in our study. It is, however, unlikely that the deworming in our study contributed to an increase in serum retinol, as a previous cross-sectional survey among the primary school children of this community (unpublished data) showed the prevalence and intensity of parasitic infections to be low (Trichuris trichiura (26%), Ascaris lumbricoides (6.5%); with only 4% and 2% of the children having faecal egg counts in excess of 1000 eggs per gram for Trichuris and Ascaris, respectively).
Vitamin A de®ciency can increase susceptibility to and severity of infections (Sommer, 1990) . The presence of infection, even at subclinical level, may in turn in¯uence serum retinol levels (Filteau et al, 1993) . In this study serum retinol showed a signi®cant negative correlation with the infection indicators, serum C-reactive protein and white cell counts. There was, however, no signi®cant difference in mean levels of C-reactive protein and white cell counts between the three study groups at either assessment. This excludes infection as a possible confounding factor.
Despite the high prevalence of subclinical vitamin A de®ciency at the baseline assessment very few children were stunted or underweight. We did not collect information on the dietary intake from the children in this study. However, dietary data from a previous cross-sectional survey showed that, despite energy intake of the children from this community being suf®cient (median intake b 80% of the RDA), median vitamin A intake was only 10% of the RDA . This illustrates that anthropometric data as the only indicator of nutritional status can be misleading and that micronutrient de®cien-cies, which are often referred to as the`hidden hunger', can be hidden indeed.
There are various strategies for addressing vitamin A de®ciency (Ramalingaswami, 1992) . These include highdose supplementation, food forti®cation, nutrition education and food diversi®cation. Of these, a food-based approach is probably the most sustainable and desirable solution. The bioavailability of b-carotene from plant sources has, however, been questioned (De Pee et al, 1995) . It is suggested that b-carotene from dark-green leafy vegetables is poorly absorbed because it is trapped in a complex matrix within plant cells. Red palm oil has the advantage that, although a food, it has no matrix that can hinder bioavailability. Furthermore, by being a fat and providing an oil medium, the bioavailability of b-carotene is further enhanced (Erdman et al, 1993) . By incorporating red palm oil in a biscuit, the food-based and food forti®ca-tion approaches are combined into one strategy.
The production costs for the red palm oil biscuit was slightly lower than that for the biscuit in which synthetic b-carotene was used as a vitamin A forti®cant. Although the red palm oil shortening may be more expensive than the commercial hydrogenated shortening, the fact that it already contains b-carotene and antioxidants, and that there is no need to additionally buy and add these components to the mixture, reduces the costs. The time saved by this simpli®cation of the baking process further contributes to the lower production costs.
In conclusion, this study has shown that a biscuit with red palm oil as a source of b-carotene is as effective as a biscuit with synthetic b-carotene in improving the vitamin A status of primary school children. The additional qualities of red palm oil make it an excellent alternative for use as a food forti®cant in addressing vitamin A de®ciency.
